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w m * 

[0001] *mwn, v^^y*m.m*^^-^r^%m%Q, v>^&>v%mm. 

[0002] ^^^(Di^fV^^^g^icij;^ PMD (Premetal Dielectrics) 

^^^MXtt^<^t^«E»M©|fetMi^, IMD(lntemetal Dielectric 

[0003] m^v^^oK^mk^io, »iR±©j»»±— »*»i{k$nsffiiRifc*)0, m 

[0004] ^^i5^CVDfe@^^Pp^^^i-^fe^bT,«ff^-r5«#^y'/l- 
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mm-r^ttmrnxh^ 
[ooo5] ^(Dx^mmmmmmm-r^tcib, ^nxm^ xv^^mwmmm 

UfijaK^tbfcy^i^^y* (psg) ~£.tcn*?m-y>m^^v% (bpsg) m^p 

S Wf!»>y #fc?>4 Sum m«*t> s PMD^iMDffl 56 tca*fb5 .t^^-JSUI W 

[0007] &fc> ^#!f^l(CfE*c£;ft/TV^£5^ PMD^*5V>Ttt, PMDtp^^A/O 

siH4)^±vx^ik^^mm^h^tc^^^xmuz.mm(D^mKm^x^ 



WO 2005/007748 



3 



PCT/JP2004/009649 



Q 

ftWtttfcl : 2000-308090^^ 
#fFl£ifc2 : Wffi 2002-75982^^ 
#ff^t^3:#M2001-319927^# 
#rp^:^4:#^2002-367980-^-^^ 

#MW:fcilftl:fl&Uj, r^^hn=^S^»C3]MOS^^j^5)S > «cS^& 
ttXHHSIjfc^, 1979^8^ 10 B , p, 59-64 

[0010] il^mt&m*Plz.j$yT/i'*c/Vi/7*F >&Tfi&te<ktsin<DVls4£^fr&ttZ.k$: 

toon] [2]tuiEy^b-^%^, y^^^juRxtfcxyT^ik&^btezm&ym&n 
[0012] C3]^iay^b^^hy^(hy^/i^y^)^7a— h^fcsrt^^-t-s, ci 

[0013] [4]HufSy^b^^^|E^yr^/U^if>-^*J-LT5— 100SCl:%^*L3r 

ci] - [3] ©v ^fofr-mzw&<nm.&m 0 
[0014] [5Ml5^yr^^>7-y-v^, TfE-^CD^^^ns^bWi^J;^, 
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— (SiR 1 (NR 2 ) 1. 5)-(l) 
(^^R^tm 2 ^*^^*!^ 

fcfcU R 1 ^R 2 ^^^7K^M^-T-fe^.m^^^< 0 ) 

R 3 

-fsi-N-f ( 2 ) 
R 4 R 

Wb2] 



p 6 R? 

-fN-s(-R») (3) 



R 9 



[0015] [6]tff|E— ^(1)(C*5V>T, R^V^S-efe^JLoR^STjcmil^T'fe^, tfffE 
-^(2) &C*5V>T, R 3 ^^R 4 ^7K^^-Xtt^/l-S-Cfet) J.oR 5 ^^^ 

$^^ftfrfa-^(3) icfcvvc, r\ r\ R 9 aw/ws-e^.i.oR 6 ^7Ki§ 

[0016] mmn^vTA^-A^^i^K m^-^(i)xm^Mm^mi±^, stris- 

®& (l)2fc (2) J&Tf (3) -C**tLSHM!k©i|ft»[©50%£Jl±, &*L<«:80%^± 
[0017] [8] [l]-[7]<Z)V>i s tb^-«^|E^m^O^^«^^(Ci!9#^'5, y 
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[0018] i&itmmmm. sskT-eibzz.k&mmk'tz, is^nm^v^m^v^ftmo 
[ooi9] cio] iii-i7)(D\,^Tnfa-mizfme>mmM<Dm%, m%m<nm&o. 2»m 

o 

[0020] en] iv-m<D\ / ^n^~mz.mm(Dm^m^mm±imm\,xnbtitcm^, 
[0021] [12] [8] ^mm(Dv^^yv^m^mmmmmki,x^^k^mk-r^ 
[0022] *mmz.£mbtiz>is})*mm-±, v^mmmm, mz.PMDk\.xtmM^ 

^y*s^^^b(c^u*p®x^^gx^s^,^^^^jt^{£?i.^m^ 

[0023] [Bl]*3»Wte<fc5$'y;fr|t«©^te^^ 

mmmxhz> 0 
wtmmxtbZo 

[i^i^ig^i^s^y^scj^cDffi^^ 
[oo24] *&wi<zi:z>#vT^*/^>7-y i iste > j t<D&*m t wz.Tn.—ist& t (i)x-m£tiz> 

-a-tfW^^-4100— 50, 000<D-b<DXfoZ>Zk1)W£V\t\ 
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— (SiR 1 (NR 2 ) 1. 5)-(l) 

Wb3] 



am 




[0025] ±:CT , R% R 4 ^t>*R 5 ^#^^37:^7Kmi^^X«^^Jm^^l-3(DT^^ 

s?r^-r 0 tctcu R 3 kR 4 &mz7kmm^x»&z>m&*m<o r 6 ^^r 9 «#^ 

^A£iC7K^M^-Xfi^l^jg^-#:i — 3(DT/^^m^M't 0 fcfcU R 7 S R 8 , R 9 £S 

-t-^57t^M^L<^V\ ±15— ^^(aj^i^^^tv^yT/v^v-^v^, R 

&^R5tf7kmm^x&z^ttim\mmx&z> 0 ±ie-^(3) izxvfem 
^n^vrju^iy^if^n, r\ R 8 RxfR 9 ^^-^mxm, ioR 6 #^gff 

[0026] ^P^(Cj:^#tc$fii^^yT^/^>^Vfi, ^©^^-m^^TiB-^d) 
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[0027] *%>WlZte^Xi±, ±IB-JB!S:(l)Xt5(2)*fcH:(3) % (2)*5it^(3)«DP?^flD 
W-^(i)t-^(2)ttlj;(3)^W#&^t<li-M(i)t-M 

[0028] rft&OtfyTA^W^Vtt, £ ^©ii^ro^y VSr^-f 5 

K©r^yyv^^*3v>T, — ^(i)©j6ftjgu^teSr^tpjKyr/^/^>7ifv 

3)0^i^tf^yT^/V^1hV(D^^^«hyT/^^nn^^(R 6 R 7 R 8 S 
iCl) £ % *LT^&ffi#<&|fc3gL)iM!fc«r£t? ^VT/^/u^y^XDm^iz^ti 

[0029] ^0^^i^^yT/^/V^if^(i,0^L<{i^tt7Km^U^V>^^ttWa 

mm^m^xm^ti^o ^<o^tn^mmtvx. -<^v, m^>% 

, ji^vW<^-e>, v^^vW^-^V, hy^/w^-ev, hy^/w<^-eV^G9^ 
M^bTklf^^j^ ; S^/atf/Vcc— ■yyv, v 5 ^^/^— ^^^^^ 

[0030] **Wlcj;*j|afifc«jj!:W:, ^<i:t>i«oy>'^^^**L5 0 ±atfeJ:5C, 
M^yv^V^y^cy^^^^^sw^^p^s^y^vCsiH^^ 
^^LT^^S^tt*Sfe5rw>fe,7KyT/^/u^^V^yWk^^S:ffi^ 
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[0031] #3SKfc: < fc£!J Wfc-^te, -JRS:: (RO) P = OT^^$fu6, y^^ffiib^ 

3 

^mzmfr-fo sjffioy v^^^McbbT, y>^ y^7>^-^^, y>^y 
p^/k y>wy^/K y^Mhy^yv, y^hy^w^v, y^hy^Chy^^ 

[0032] ^PJ^i6yWk^«,-R 1 2 P=N-«ig^i-S^^Tfc^^^7'^V-C 

;^>-&$:mt>-p 0 m^s ^^^c^v^-r^i^^•7r^^Vxf*^7r^fV^-yrf 

^n^7 7 ^y, 7 0 n7K^^^7T^V^-y^'-S.^ ; ny^v'^7T-^^y 
J^$-tirT#^^^y^-, ^ffl«r^T?#6 0 r^c^y^^Sr2®^± 

[0033] My^hyr/^^«ca6^-r^> y^T-(7)«^3^-^fc^y^^^ 
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[0035] ±iE^fcii*<Dy^^s&3i9irr3fc& > ^ 

[0036] *mwfc£zv>ik&!m&m&-fz>ma^ ^.thh^mmmT^^^^m 

[0037] BfM(Cj;f9 N ^PJ^^^y^^^f-Vm^^, #fF^2(C|B«cD^yT^ 

v^m^^/^tc^v^^v/vm^T/^miJui-^t^y), m^n, #1120 

03-126381^B^|ffl»^|EicOT^y/V^^y^t>V^^y/^^^x/V<Z)^ 

tt<Dx\ #^2. 5MT<Di&mmm&*frbtiziMDmmm^mx&z> 0 
[0038] #i^«2&ciE*^#yT^y^^x^^ tk 
y^^r^yi/— #y^vuT^yu— h *?y;/^T^yu-K stfy^/i^** 
yu— K ^y^/i^^yu— k /Ky^/M^^yi^— k /Ky-ry;/^vi^$^yix— 
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m^^^tcn^v^^j^m^T/^tvxit. WLW-w^m^i, ooo-soo, 

000, £?£L<telO, 000-600, 000, ASl&£te50, 000-300, 000-efo£^<D£ 

[0039] mm2oo^-\2^si^mmm\^m(D^wmmm l ^\a^ r^v^m^T/u(D 

[0040] m^mmmf&ft&&M'&fcT»hz>m&, ^co^y^—mm^.mm^<, 

t\,xn, ^tv/um^^, ^^v^mn-y^^ s 

[0042] ^Wm»H^^^^>^<^-m(^^^IIJS(D/>^<^-f|5^-COOHS 

s.t>vx«-oHs^^^^o -cooHS^.-a?/ / x(*-oH£tt > mmmmmm 

f&ft*mj&^ttS^—\^fr^m^Xte<^btfX*%Z> 0 -COOHlXtt-OH 

tf ^5/55, r^^PS^«$tb^V\ T^y/^, ^^y^, 2-tKn^>>ai 
?vM**yw— btt, ^yT^y/^^if^^^^tt<^v^5m^^^*LV^ 
[0043] SiJfetLT, -COOHM^/Xft-OHSSr, ¥^*^^Xfi*fi^#:(DftiJ^ 
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[0044] tzftmmmf&^2mu±ftfei-%M&iaz, ^fih^pt^th-m^-coo 

COOHS^-OHSt— m^^^hCO, M*.f£, tfVTPV/WtttT/l'k* -coo 

[oo45] iiiH^^yT^y/>m^^x/^u<^y^^^y/^^^*fcf*^^i^ 

[0046] ±IB©W«M»Jii^Sr^i-S#^, ^m^^y^%mM^(0-OOOYL 

[0047] ttW«WfJIB^Srteffli-S4»^, ±ft©»^^M^*m^*h*-COOH 
SX^-OHS^^r-rS^ifi^O-COOHSXfi-OHS^bT^yTy^/l- 

COOHg&T//Xte-OHXaS50^U% Jz«9#5-V ^ ^yT/^/^^1f>i:(D^^ 

[0048] mmmm!&2r*mm-rz>m&, *©«c¥*&$^*au, ooo-soo, ooo-c 

T*a»^r«M»lififc5>^#5l-t-syt«>, #?LKBISr^^UjiV\ £fc800, 000&H 
*.*£*LS3Si<&*U #>TK©mBfcfc^ !BI3ft§EOteTSr»#, v>1* ;M>M*L<& 
v\ Stt*^J»jEfi^©«F3ija:^*©(5iB«:i, 000-600, ooo-c&tK ^ci 
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o, 000-200, oooX'&ZM&fcMMtel&mmtbiiZo 

[0049] -COOHMRTf/Xn-OHm*^i-ttMmmj&ft(Dm&. Zthtf-COO 

[0050] ^yr^y^^x^fc^y^^y/^^^^w^jji^^^i-s 
x%z> 0 

[0051] z(Dmmmm^(Dtmm, %wimmmmf&ft<Dmm&5-8omm%, 

io-40K*%»t5isi-r§-t^-e^§ o 

[0052] ^^»^,^S^(Cl-24^K^#i-^^^J;t)^^^^$tL^I« 

&SJ£*§^<H#5w^-c#3o ^-ao-sor^^^s-go^fiaiiSo&t 

[0053] ft % ^ff^aWi^^^^^^yT/P^^lf^M^^Pb, Ki£ 
[0054] ±^OJ;5^LT#btlfcS^^T"fc§y^^r^if>'»^%^ % ^O^^Xtt 

[0055] S#:^®^/&$*LfcM^fl!i<«J&te, ^yT/^^>7ifVcDT/^l-S^^ 
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[0056] «gfiJt?BJE«:50-600 , C, 0SL<te3OO~5OOt;-C&^ jfeftl^Mttl^-l^rlW 

[0057] ^Bj^i^y^^r^ifviM^^, ^(D^t^mmmummmtvxm 

o 

[0058] mm^<o^ mf&T.m^fL-tb, v^^yiT/^/^yy^mm^^^m 

3oo°c<D!mxmM-rz>^b&xzz> 0 mmm^mm^ ® l mm.m\z.t>&z& > mi 
-ioftmmt-ttite£\,\ tz^mmx^ Miai^^, mm*mi5o°c 
■V3ftmm\^xmm%^u ^^xm25ox:x3^miimL-x^^-mf^^ 

[0059] XfB^xm^J:^ ^yT/^/V^^V^cOSiH, SiR(R:T/l^Vl^mu*Si 
te. SiNfa&tmfcmmikiStlXXZtcSiOffi&b, ^It^SiH&T/SiR^ 

m> ^y^fcimoftm^m, ^m^m^i&r^ftcxi&r-r^K — mmm. 
^i&rvxmm^m^^t, m<D^mz.irQmmmM^nxh^(D^m^m 
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[0060] ^§g^«fc5y^^^7^vm^fi,»^#i-s^om^^^©^ 

[0061] ^B^fci^y^^^^vm^^i^cD^yT^y/v^^/^^ti^y^ 
(-j;!9^y^Kmo^^^ir b ^^^^y^^ 0 ^^^ $ ^^^ T ^ 

yry^^^ifV^,-cooHSstj«/x{4-oHS^^i-6^^i^^tw 

[0062] ±flS©^r«M»IB^«rttffl LT#btbfc#7LK^y *Iffi, @#>T«ffl 
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[oo63] ^famci^y^sffliiw:, ^(D^by^^^^fes^yr7w^/^>^ifV(DM7k 

^^ttKW, ^y^®mcD^^(SiH, SiR)M£5{£^J^b-^ 

-^#6^?L«iyy^K^^#^6 0 
[0064] *mmz&z&iimiyy%mm<Dm<D&ft*7jk-fb, ^<ommt.o. 5-1. 6 g / c 

m\ $?£IXH:0. 8-1. 4g/cm\ ^cD^7^PS#Mi¥^l. O^m^ii, 0£L< 
«5/im^±, S.W^rt^^«80MPa^T, ^L<tt50MPal^T-Cfc?) o £ 
fc, ^^>y^W^^^m?)SiHXttSiR(R:T/V^S)M^i:bT#^i-5Si 

fif, 0. Ol-S^m, £?£L<teO. Arte, ^ft^Jf P^ii&ii;ffil£L 

[0065] ^iC^PJ^^jl^oT^^^f^-r^o fc*5 % «TtC*5V ^T^y^jtBUcBB 
[0066] (Jlgff£@#r^)Ii:S4^V^(10. 16cm) ^#$0. 5mm0»y=^^N— Uligtf 

*Mmzm4kLfcb<D&ftytzc.})-7y^?(J. A. WoollamftfiL M-44)£fflV>T 

[0067] (Jt^H^) Solid State Measurements*±^(D7k£SCV/lV$iJ^^tt(SSM 
495) &/f v>TJi&&i00kHzfcTCV«!J5£«tfT ofc 0 ^tuft:*^^:^^^ 
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A. Woollamtt§SU M-44) Ti&J^Lfc 0 
[0068] {W^m WMA:^^ (10. 16cm) , J?C£o. Smm^yr^^-CDMrSTm^- 

^m^^mx^mut 0 mmm^tih(Dmti,fc 0 mmzitmwm-mtmmtz. 

ftft^V^yyl-fU. A. Woollam*±g^ M-44) £JBV^-CiW5£L7J:„ HH^teT^ 

Cg/cm 3 ) ~ (ill [g] > / mm ( W m))/0. 008 
[0069] (#««fe^ffi7k^^*j-i-S»ttWffi) $^;&»tt#©»©*iflS*B (fltf^gP) M 

•v— tltiiWSO. 1 /x m©PTFE»7^*— ^iflUfco 

X— ^-CfcD, *I^o. 08 /z m > 0. l/im,0. 4 ju m<D4WM (TX^? 

hitltttveti5. 0,4. o, 2. o, i. Oi:/j;S)-e*>siKWfffidS*^o*S^ffitc 

-rzmMioi. 6mm (4-r^) ; in i&m) ±\m 

[0070] 2fev^ ft ©ft#^l^^»UTIttA©^I^^IWbfe^*|fffl^taiSSr, (l) 

0 o CTl^P^S»U,^c(2)^^^^tlJil»UTJ£<ffiV^^TV^5ACT- 
970 (Ashland Chemical^tlR) , EKC265.&.LFEKC640 (EKCf±§!D ttfi^fl 
75*CT?20#, 75 o CT-30^O«23 o CT*20^mL, ^^#T%fc<&#LTft; 
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V^T, »fffioaWR^Sr % ±lEOSEM(CJ;t9f^300000f^-e, HfffilcMDfc^fa© 

m3^-r^^^mcD*$(c)^ttibfc 0 sMtassu©^^^^©* 

$ (c) cots (r^^hjrb) iciotft^o-e, *l«H(Z>#Bo#*tcov >T8!Jj£ 

bfc 0 

[0071] (XPSlC^Ttm^m^mm^m^^KDTtm^mt, PhysicalElectronicsf± 

[0072] [^y^/u^if ^CD^(l) ] 

Pv^>-780g£A*L, -ttSr^^lcto-CK^^^jcffij^b^Abfeo ^(ct°y^> 
A9^J©3|B|^^^*S^fcS8ttb, try^4kgSr«-e|H«{::jEE^byt, R 
lS«0£E*Srl. 0kg/cm 2 lcffSU R^^co^^M^s-4 < C^^«t5^ia 
SMIR^ff of^ 0 ^bftaSibT^-T^tiZ^ RJS«<Z>JE^^2. 0 

kg/cm 2 ^^o7^NF^T?r^=T^Sr^jhb7^„ a^'Ti'&IHttTKJ&SJE 

o »fe^^*^JEE»jfi«*Mv^Tft»ffi*#H»TT^JEEitjflb, «32 
00mL%#fc o ^^l/-*-£fflV^fc^^£W5febfct^ #*j340g£»Ky^ 

/v^if >-&#fc 0 v^/^>9^(om^^mi^GPc mmm ch 

C13)^J:5j||^b^i^5, ^y^^U>-m#^1800-efeofc 0 IR(*^!ftJ|X)^^ 

M-tt, m$L (cm -1 ) 3350, *5«tt5l200#ia©N-H^S<5<KlR;2900*3«ttJ 5 12 

50OSi-^^S<5<KlR;1020-820©Si-N-Si^S<5<KlRS:^U7^„ 
[0073] ##^2[^y^/P^-y-Vco^(2)] 

0^tbT^/Why^nn^W8OgC^^t)^^^hy^nn->7W2Og(^)4 
. 8^/U)^^^^nni/7^65g(^jO. 5^U)C0j!S^(^/Uhy^nnV7V: 
^^^onV9>'=95:10(mol/mol))SrfflV^i:Sr|^#, #%M1^(rI^ 
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^¥^#^P*£rGPC(Jg|TO:CHC13) \ZL£9mfeV1ZbZ.^ ^V^Ul^^Xl 
400-efeofc 0 IR(#«TO*^h/W3:, ^ifcCcnT 1 ) 3350, fcitmoottifttf) 
N-H^S^<Ml2900*3j;m250(DSi-c^S<5<P^;1020— 82O0OSi-N 

[0074] mmmi: 

^r-fe^-h(^TPGMEA)^80g^, v^mhvxihv^/^yv/u)^ 8g&m 

Ev^S^/V*— CttSaUfc. ^<Z>«^K@10. 2cm(4>fV^) % ff$0. 5mm 
^^yn^r>^^_h t;: ^ t Vn-^-^V^M*b(2000rpm, 30g>K fcVvC 
*^#B^-?150°C, ^^250 o CcO^5/h^-h±-e^tb^3^^P^bfc o 
^©^H;^m#ffi^4 s 500 < C-e30^ra^bfc: 0 IR(*^KJR)^^h/l/tt, 
^m(cm _1 ) H00S.U?450OSi-O^S^<^llX, SKcm" 1 ) 1270&tJ«770OSi 
-CiCS^<5SilX, ^(cm _1 )2970(DC-HtcS^<P^I|X^^^^^ N ^t(cm" 
1 )3350^t^l200(7)N-H}cS^<Mfim^b^ o ft, P = O^S^<^^(cm _1 

[0075] nhtltcmcDWm^n^tct^ itmmmm. 20, ^Jgfil. 3g/cm 3 ^fco7i 
SJ:b^m^tr«'J^Lfci:C53. 30i&<9, ^©±#^«^-f^o. l^i^^ofc 

o 

[0076] ^(om^n^v^mcD^^m^xpsm'^vm^tct^ mmomttfaiz 
[0077] (^nm^m^mmKMir^wmwm)(Dm^vtcjjmx\mmKm : t 
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mmRxtnmzvitb^ (v^M^xm^-r^mm^^^x^m^oA^ ^( 

2) KttVXhO-20At, ^t/uH^^^^tiX^^ito 
[0078] mMM2: 

##MlT^Ufc^!J^7l-V7f-V(D30%PGMEA^50g^ N ^ntfWf-^ 
^7j^!J^'- (^Ml 500)1 5g£PGMEA35gKl^?£*T#fc^^Sr^ 

^y^^ 31 /Nw-j-^ t »^_^_^ fflv , T ^ L(2000rpm ^ 30 #) > ^v>-e^: 
^,#E^4 3 T*150 < C, ^^250°C<D^^h^-h±^tb-€tL3^MiPSLfc 0 ^ 

<Dm^mmmmmn * soo o ct3o# mm^tc 0 m m$\-m.m *-^ivw^ 

mmcm' 1 ) 1120&tM40OSi-O^g^<M, SSlcm" 1 ) 1270S:t^770cDSi 
-C^S^XM, ^(cm" 1 )2950(OC-HtcS^<M^^^^ j ^ St(cm" 
1 )3350&m200^N-H^fi^XSW2M^Lfc o P=OI^<tf(cm" 1 

[0079] #bftfcK<£f«£?Tofc£r*> % JfcBt«¥«3. 35, 3g/cm 3 -efcofc 

Jttf:i§«^£$J^W^::^3. 50^, ^<D±#i|iIte:b-f /^0. 15^-r^/d^o 
[0080] ^^fll^^tt^y^TC^^^^^^XPSiiJ^ff^c^^, Iii?<D^$^|p]^ 

*j-lt, Mm^bMTm(simmt(Dmnm)^xm-^ msm^-x^pm^-^ 
[oo8i] ftc, (^s^fflTk^^^j-rsff^ififfi) cD^^sEbfc^-fe-e, 3t®«g£ 
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[0082] mmm3: 

OOOtDTjf y 0<^y A^n-^A- (68^A-%) ~=t-^^V^m^/^ (30^/1^%) - 
3-^^/1^ (2^%) ) 4g?rPGMEA33g}Cj;<^$^fct ) O^M^L-f-^ 

J/Vf—XMigilstCo Z(DMm$:W:&10. 20111(4^^), j¥$0. 5mmCOv-yn^ 
^-i^tV^-^-^^T^ffbteOOOrpm, 30#) N I^V^^fiM 
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